This study examined whether a physical activity intervention affects transtheoretical model (TTM) variables
> > IntroductIon
The benefits that moderate-vigorous physical activity (MVPA) offers breast cancer survivors are well documented (Doyle et al., 2006) . A recent review of trials in breast cancer survivors suggests that MVPA improves overall quality of life (QOL), increases physical functioning, improves cardiorespiratory fitness, and decreases fatigue after cancer treatment (McNeely et al., 2006) , and epidemiologic research suggests that MVPA is related to a reduced risk of recurrence and increased survival after breast cancer treatment (Holmes, Chen, Feskanich, Kroenke, & Colditz, 2005; Irwin et al., 2008) .
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This research has resulted in published physical activity recommendations for cancer survivors (Rock et al., 2012; Schmitz et al., 2010) . However, a large proportion of cancer survivors are not meeting these recommendations (Bellizzi, Rowland, Jeffery, & McNeel, 2005) despite experiencing many health problems that could be ameliorated by increased MVPA (Basen-Engquist, Scruggs, et al., 2009; Yabroff, Lawrence, Clauser, Davis, & Brown, 2004) . Despite consistent recommendations to engage in physical activity, based on objective measurement of physical activity in the physical activity monitoring portion of the National Health and Nutrition Examination Survey (NHANES), 95.5% of 5-year cancer survivors and 87.3% of those with no cancer history did not meet the Centers for Disease Control and Prevention guidelines for engaging in physical activity. Cancer survivors were 1.7 times more likely than those with no cancer history to fail to meet Centers for Disease Control and Prevention guidelines for physical activity after adjusting for sex, age, race, education, and chronic conditions (Smith, Nolan, Robison, Hudson, & Ness, 2011) . Cancer survivors were less likely to meet recommendations and may benefit from even minimal increases in their physical activity levels. Thus, second-generation studies to increase adherence to MVPA recommendations in this population are warranted.
Studies show that theory-based interventions are the most effective in promoting MVPA (Mama et al., 2015; Nigg, 2005) . The transtheoretical model (TTM) has been used for health promotion in the general population and considers health behavior change as a process involving movement through stages, from no consideration of behavior change to behavior change maintenance (Adams & White, 2003; Spencer, Adams, Malone, Roy, & Yost, 2006) . The TTM posits that stage progression is mediated by self-efficacy, decisional balance, and processes of change (Lewis, Marcus, Pate, & Dunn, 2002; Marshall & Biddle, 2001 ). Self-efficacy, a person's confidence in his or her ability to make a behavior change in various situations, tends to increase as the person progresses through stages of change. Decisional balance refers to the weighing of pros and cons, or benefits versus costs, of the behavior. As one progresses through the TTM stages, perceived benefits of the behavior increase, while perceived costs of the behavior decrease (Marshall & Biddle, 2001 ). Processes of change are cognitive and behavioral strategies that people use to adopt or maintain a behavior and may influence stage progression.
Only a few studies of MVPA determinants in cancer survivors have used the TTM. Pinto, Rabin, and Dunsiger (2009) found that self-efficacy at baseline predicted MVPA adherence of breast cancer survivors participating in a home-based program, but pros and cons did not. Loprinzi, Cardinal, Si, Bennett, and Winters-Stone (2012) studied maintenance after a supervised exercise program for breast cancer survivors and found that self-efficacy and behavioral processes of change were associated with greater MVPA 6 months later.
The present study tested a lifestyle physical activity intervention for sedentary breast cancer survivors. It focused on teaching cognitive and behavioral skills to support behavior change and individualizing recommendations to include a variety of moderate-intensity activities, particularly daily living activities, such as taking the stairs or brief walks throughout the day. A lifestyle approach is an appropriate method to increase physical activity in sedentary breast cancer survivors, because it can be more convenient than a structured program and thus may result in better adherence to recommendations while still offering significant health benefits (Dunn, Andersen, & Jakicic, 1998; Dunn, Garcia, et al., 1998; . One such lifestyle approach, the Active for Life After Cancer intervention, led to improvements in physical aspects of QOL, performance on a 6-minute walk test, and stage of change for MVPA compared with standard care (Basen-Engquist et al., 2006) . However, little is known about how a lifestyle physical activity intervention focused on cognitive and behavioral skills, such as the Active for Life After Cancer intervention, affects underlying theoretical constructs in breast cancer survivors.
The purpose of the present study was to determine whether the Active for Life After Cancer intervention affects TTM variables that facilitate exercise adoption (self-efficacy, decisional balance, processes of change) in breast cancer survivors and to examine whether those changes were associated with a transition in stage of change. We hypothesized that intervention participants would have greater increases in self-efficacy, perceive more pros and fewer cons of MVPA, and report more frequent use of processes of change than standard care participants. Furthermore, we expected that participants with positive changes in these variables would be more likely to transition to a more active stage of change. The purpose of the study is to understand the impact of a lifestyle physical activity program on TTM variables. Assessing the impact of a lifestyle physical activity program, in addition to understanding the changes in theoretical variables, serves to inform the practical application of health promotion and education to breast cancer survivors in an effort to facilitate exercise adoption and promote survivorship.
> > MetHod
Participants
The Active for Life After Cancer study was approved by The University of Texas MD Anderson Cancer Center's Institutional Review Board, and participants provided written informed consent. Participants were recruited from MD Anderson Cancer Center, KelseySeybold Clinic (a large, multispecialty clinic), the local chapter of the Sisters' Network (a support and advocacy group for African American breast cancer survivors), and The Rose (a community agency sponsoring support groups for breast cancer survivors) via mailed invitation letters to potentially eligible women and study advertisements in MD Anderson publications. Eligible participants were within 7 years of a breast cancer diagnosis and not currently receiving treatment (except hormonal therapy), had no medical conditions contraindicating MVPA, and were not engaging in planned MVPA for 30 minutes or more per day on most days of the week. Details regarding study recruitment are published elsewhere (Basen-Engquist et al., 2006) . Figure 1 describes the flow of participants through the study, as described in detail previously (BasenEngquist et al., 2006) . Of the 60 women enrolled in the study, 28 of the 35 in the intervention group and 23 of the 25 in the standard care group completed all assessments and were included in analyses as data were available. If a participant did not provide data on a measure at a particular time point, the analyses reflect the data available. There were no significant differences in demographic characteristics or TTM measures between completers and noncompleters.
Procedures
Randomization. Participants were randomized to a 6-month lifestyle physical activity program (Active for Life After Cancer) or standard care using a minimization randomization procedure (Pocock, 1993) . Covariates used in the randomization process were baseline physical functioning, vitality, stage of change, body mass index, disease stage, age, race, and chemotherapy history. More participants were randomized to the intervention (58%) than standard care arm to ensure there were a sufficient number of participants in the intervention, which used a group-based format.
Lifestyle Physical Activity Intervention. The intervention was a 24-week, group-based program to increase self-efficacy, apply cognitive and behavioral skills, and positively shift decisional balance. Participants met weekly for the first 16 weeks and every other week for the remaining 8 weeks. Group sessions focused on cognitive and behavioral strategies for adopting physical activity and lasted 90 minutes each, which included 50 minutes of lifestyle physical activity curriculum, a 10-minute break for MVPA, and 30 minutes of lectures and discussions related to breast cancer survivorship. Participants also received print materials describing cognitive and behavioral strategies and information about breast cancer survivorship. Behavior change methods were based on the TTM, which emphasizes that individuals adopt behavior change in stages (precontemplation, contemplation, preparation, adoption, and maintenance) and that different types of intervention methods are effective at different stages. The intervention sessions emphasized information and skills, such as benefits of physical activity, making small changes, overcoming barriers, goal-setting, rewarding yourself, and self-monitoring. Several methods of selfmonitoring were used, including recording minutes of activity and steps using a pedometer. Feedback and guidance from group facilitators were individualized according to each participant's stage of change, which was assessed every four sessions. Participants were provided a booklet related to their particular stage of change, and homework was also tailored to stage of change.
Standard Care. Participants in the standard care arm received the same materials about breast cancer survivorship that were given to the intervention group by mail but did not attend group sessions or receive information about MVPA.
Assessments and Measures
Participants completed assessments at three time points: baseline, 3 months, and 6 months. At baseline and 6 months, participants attended in-person assessments at MD Anderson, where they completed selfreport questionnaires. At 3 months, participants were mailed questionnaires.
Stage of Change. The Stage of Motivational Readiness for Physical Activity questionnaire was used to assess participants' stage of change. It identifies a person's readiness to change or adopt physical activity . The five-item questionnaire classifies a person as being in the precontemplation (not thinking about physical activity), contemplation (willing to consider being physically active), preparation (intention to engage in physical activity), action (attempts to engage in physical activity), or maintenance (engages in long-term, sustained physical activity) stage of change and is highly reliable (κ = 0.78; .
Self-Efficacy. The Cancer Survivors' Exercise Barriers Self-Efficacy (CEBSE) scale was used to measure exercise self-efficacy. The CEBSE scale includes five items from an existing self-efficacy scale and nine items addressing barriers that were identified through elicitation interviews with multiethnic breast cancer survivors in a previous study (Basen-Engquist, Baum, Hughes, Scruggs, & Carmack Taylor, 2009) . Item responses ranged from 1 to 5, and the mean score was used in analyses, with a higher score indicating greater self-efficacy. The CEBSE scale has excellent reliability and validity among patients with breast or endometrial cancer (Basen-Engquist, Baum, et al., 2009) , and internal consistency reliability was .91 in the current study.
Decisional Balance. The 25-item Decision Making for Physical Activity questionnaire was used to determine decisional balance, or the degree to which a person weighs the pros and cons of engaging in MVPA (Marcus, Rakowski, & Rossi, 1992) . The scores for pros and cons were calculated separately and ranged from 1 to 5 each. In the present study, the internal consistency reliabilities were .88 and .84 for pros and cons, respectively.
Processes of Change. The Processes of Change for Exercise Questionnaire was used to assess the strategies that participants use to increase their MVPA, such as counterconditioning (substitution of alternatives for sedentary behavior) or self-liberation (choice and commitment to be more active). Twenty-five items were used to score 10 processes of change, with scores ranging from 1 to 5. The internal consistency reliability of the process of change subscales ranged from .60 (counterconditioning) to .88 (reinforcement management; Marcus, Rossi, Selby, Niaura, & Abrams, 1992) .
Statistical Analysis
Repeated measures analysis of covariance was used to compare within-and between-group differences in stage of change, self-efficacy, decisional balance, and processes of change at 3 and 6 months, controlling for baseline measures. Normality of the dependent variables across the independent groups was assessed using the Shapiro-Wilk test. Time-by-group interactions were also tested to determine whether between-group differences varied over time. Only participants for whom data had been collected at all three time points were included in the analysis (N = 48). To determine whether self-efficacy, decisional balance, or processes of change were associated with stage transitions, we categorized participants according to whether their stage of change advanced (progressors), declined (regressors), or stayed the same from baseline to 6 months. These groups were also compared using repeated measures analysis of covariance. Significance was set at p ≤ .05 for all analyses.
> > reSuLtS
Baseline participant demographic and clinical characteristics by group are shown in Table 1 . There were no significant differences in demographics at baseline between the intervention and standard care groups. Dependent variables of stage of change, self-efficacy, decisional balance, and processes of change were reasonably normally distributed across the independent groups, based on the Shapiro-Wilk test. The adjusted means and within-and between-group effects for selfefficacy, decisional balance, and processes of change are listed in Table 2 . Women in the intervention group had significantly higher self-efficacy at 3 and 6 months than women in the standard care group, F(1, 45) = 9.55, p = .003; there were no significant group-by-time interaction, F(1, 45) = 2.892, p = .096; or time, F(1, 45) = 0.94, p = .760, effects. Between-group differences in pros of physical activity were not significant, F(1, 44) = 1.70, p = .19;, and there were no significant group-bytime interaction, F(1, 44) = 0.104, p = .748; or time, F(1, 44) = 0.209, p = .650, effects. Women in the intervention group perceived fewer cons of physical activity at 3 and 6 months than women in the standard care group did, F(1, 44) = 5.416, p = .025. Neither time, F(1, 44) = 1.573, p = .216; nor group-by-time interaction, F(1, 44) = 0.118, p = .733, effects were significant.
Use of self-liberation, counterconditioning, and reinforcement management processes was higher in the intervention group than in the standard care group. Both the intervention and standard care groups reported significant increases in counterconditioning and stimulus control over time. Only self-reevaluation had a group-by-time interaction effect. Use of this process did not differ between the groups at 3 months; however, at 6 months, the intervention group used this process more than the standard care group did.
Women in the intervention group reported greater stage progression than women in the standard care group did, F(1, 45) = 7.080, p = .011. At 6 months, the average stage of change in the intervention group was between action and maintenance, whereas it was between preparation and action in the standard care group (Table 3) . There were no significant interaction, We evaluated whether self-efficacy, decisional balance, and processes of change at 3 months and 6 months were related to stage-of-change progress from baseline to 6 months; results are shown in Table 4 . Of these 48 women, 22 were categorized as progressors, 8 were categorized as regressors, and 18 stayed at the same stage of change. Repeated measures analysis of variance revealed that participants whose stage of change progressed or remained the same had significantly higher self-efficacy than those who regressed F(2, 44) = 4.607, p = .015. However, changes in pros, F(2, 43) = 1.948, p = .155; or cons, F(2, 43) = 0.005, p = .989, were not significantly related to stage transitions. Of the processes of change, only reinforcement management was found to be significantly different among the three-stage transition groups, F(2, 44) = 4.033, p = .025. Two processes, helping relationships, F(2, 44) = 3.087, p = .056; and counter conditioning, F(2, 44) = 2.63, p = .083, had p values that approached significance.
> > dIScuSSIon
Breast cancer survivors enrolled in the Active for Life After Cancer lifestyle physical activity intervention experienced greater increases in self-efficacy, perceived fewer cons to physical activity, and reported more use of processes of change than survivors receiving standard care, supporting the hypothesis that a lifestyle physical activity intervention may influence TTM variables. The Active for Life After Cancer intervention effect on self-efficacy is significant, because self-efficacy is an important predictor of behavior and strongly correlates with physical activity in healthy populations (Calfas, Sallis, Oldenburg, & French, 1997) . Cross-sectional and exercise intervention studies in cancer survivors have shown that self-efficacy is associated with exercise (Basen-Engquist et al., 2013; Cox et al., 2015; Karvinen et al., 2007; Mosher et al., 2008; Pinto et al., 2009; Vallance, Courneya, Plotnikoff, & Mackey, 2008 ), but they have yet to show how interventions influence self-efficacy. In the present study, the lifestyle physical activity intervention increased survivors' self-efficacy, which was related to progression in stage of change. Participants who regressed to an earlier stage had lower exercise self-efficacy than those who progressed to a higher stage of change or stayed at the same stage.
The intervention did not affect participants' perceived pros of physical activity but significantly decreased their perceived cons. An increase in pros is more likely in individuals moving from precontemplation to contemplation, while changes in cons generally occur in individuals moving from contemplation to preparation and action (Prochaska, Johnson, & Lee, 1998) . Given that nearly all of the participants in the present study were at the contemplation stage or preparation at baseline, a change in perceived cons but not pros was expected. In addition, because women were recruited to be insufficiently active, some may have anticipated negative consequences that were not realized once they became active. A previous study found that a physical activity intervention influenced breast cancer survivors' instrumental attitudes (Vallance et al., 2008) , a construct somewhat similar to decisional balance, but no previous studies have reported the effects of physical activity interventions on cancer survivors' decisional balance. Thus, the decisional balance findings from this study are novel and help us understand how physical activity interventions may influence participant attitudes toward activity and behavior change. Although participant perception of cons decreased during the study, this was not associated with stage-ofchange transitions. Participants had similar changes in perceived cons regardless of whether they progressed, regressed, or stayed at the same stage of change. Two recent large longitudinal studies of TTM variables and physical activity change-one in adults with diabetes and the other in healthy adults-found that cons were not related to change in stage of change or physical activity (Dishman, Vandenberg, Motl, & Nigg, 2010; Plotnikoff, Trinh, Courneya, Karunamuni, & Sigal, 2011) . Thus, findings from the current study are consistent with the literature, suggesting that decisional balance is not as important during later stages of change.
Participants in the intervention group were encouraged to substitute active behaviors for sedentary ones (counterconditioning) and commit themselves to change (self-liberation), and women used the self-liberation, counterconditioning, and reinforcement management processes of change most frequently. Studies have shown that using self-liberation and counterconditioning processes of change are associated with movements from the contemplation to preparation stage of change and movement from preparation to action (Blissmer & McAuley, 2002) . Although the use of self-reevaluation did not differ between groups at 3 months or at 6 months, the intervention group reported greater use of self-reevaluation than the standard care group, suggesting that some processes may require more time than others. Although cognitive processes often play a greater role in the beginning of behavior change than behavioral processes, we found that only behavioral processes had a significant effect on stage transition, which is consistent with other longitudinal studies' findings (Loprinzi et al., 2012; Plotnikoff, Lippke, Johnson, & Courneya, 2010 ). In the current study, increased use of reinforcement management appeared to be the most successful process for helping participants progress in stage, and increased use of counterconditioning and helping relationships was marginally associated with stage progression. Thus, helping participants identify reinforcers for physical activity, which is often not intrinsically rewarding for cancer survivors who are not regular exercisers (Rogers et al., 2006) , may be an effective intervention strategy.
The current study used a multimethod intervention strategy, including stage-matched print materials, group meetings, and homework assignments. In general, interventions using a variety of approaches are more successful than those that use a single method (Spencer et al., 2006) . This study applied the TTM and did not focus solely on individuals in the preparation or action stage of change, which is applicable to cancer survivors. Although the Active for Life After Cancer lifestyle physical activity intervention was effective for improving TTM variables, it is not without limitations. The 24-week intervention duration may have limited stageof-change progression through all stages, since stage of change is framed within 6-month increments. A longer intervention time may provide a clearer picture of the effects of certain processes on stage of change, which may require more than 6 months to happen. Participants in the present study were primarily well-educated women, which limits generalizability of study findings to less educated populations. However, participants were racially diverse and nearly half (47%) self-identified as nonWhite. Future studies should strive to recruit participants with low education or socioeconomic status in an effort to extend generalizability of study findings to more general breast cancer survivor populations. Studies addressing behavior change in low-socioeconomic status populations have shown that the constructs of self-efficacy and decisional balance influence adoption of physical activity (Carmack Taylor, Boudreaux, Jeffries, Scarinci, & Brantley, 2003) , but further studies are needed to fully explore the influence of TTM variables in breast cancer survivors of low socioeconomic status. Another potential weakness of the present study was the abbreviated measures that were used to assess processes of change. Many of the scales did not have sufficiently high internal consistency (social liberation Cronbach's α = .62), suggesting additional measures are needed for cancer survivor populations. Nevertheless, the present study's findings revealed significant effects on counterconditioning, self-liberation, and reinforcement management, suggesting that the scales were responsive to intervention effects.
> > concLuSIonS
The Active for Life After Cancer intervention decreased the perceived cons of physical activity, increased self-efficacy and some processes of change, and advanced the stage of change for MVPA among breast cancer survivors. Self-efficacy and reinforcement management were associated with transitions in stage of change, suggesting that lifestyle physical activity interventions may be effective for changing TTM variables and ultimately increasing MVPA in breast cancer survivors. A recent meta-analysis assessing the association between physical activity and cancer mortality found that in the general population, a minimum of 2.5 hours/week of moderate-intensity activity led to a significant 13% reduction in cancer mortality. Cancer survivors who completed 15 metabolic equivalents of task-hours/week of physical activity had a 27% lower risk of cancer mortality. A greater protective effect occurred in cancer survivors undertaking physical activity postdiagnosis versus prediagnosis, where 15 metabolic equivalents of task-hours/week decreased the risk by 35% and 21%, respectively (Li et al., 2016) . Because the evidence supports the protective effect of physical activity after a cancer diagnosis, it is critical that programs be available to support cancer survivors in their efforts to increase activity levels. Lifestyle physical activity approaches require little or no special equipment or cost and are accessible to many survivors in the community. A broad range of personnel may facilitate these programs on training, increasing the dissemination potential. Providing cost-effective and evidence-based programming for health care organizations to support without dedicated exercise facilities and equipment is critical in supporting the translation of interventions from research to practice. However, further research is needed to augment current theories and develop and test new theories to optimize and tailor MVPA interventions for cancer survivors. Our study validates one approach using the TTM to facilitate exercise adoption among breast cancer survivors and translating theory-based research to practice settings, but additional research is needed to identify ways of helping cancer survivors adhere to exercise recommendations to improve their health and QOL.
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